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(57) ABSTRACT 

The aircraft exhaust engine nozzle system includes a fan 
nozzle to receive a fan flow from a fan disposed adjacent to an 
engine disposed above an airframe surface of the aircraft, a 
core nozzle disposed within the fan nozzle and receiving an 
engine core flow, and a pylon structure connected to the core 
nozzle and structurally attached with the airframe surface to 
secure the engine to the aircraft. 

20 Claims, 5 Drawing Sheets 
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AIRCRAFT ENGINE EXHAUST NOZZLE 
SYSTEM FOR JET NOISE REDUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of priority under 35 
U.S.C. §119 of U.S. Provisional Patent Application No. 
61/375,386, with a filing date of Aug. 20, 2010, the contents 
of which are incorporated by reference in their entirety. In 
addition, this application is co-pending with related patent 
applications entitled “ACTIVE AIRCRAFT PYLON NOISE 
CONTROL SYSTEM” having U.S. patent application Ser. 
No. 13/214,481 and “BLENDED CUTOUT FLAP FOR 
REDUCTION OF JET-FLAP INTERACTION NOISE” hav¬ 
ing U.S. patent application Ser. No. 13/214,453 filed on the 
same day and owned by the same assignee as this patent 
application. 

ORIGIN OF THE INVENTION 

The present invention was made in part by an employee of 
the United States Government and may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes without the payment of 
any royalties thereon or therefore. 

BACKGROUND OF THE INVENTION 

The present invention relates to an aircraft engine exhaust 
nozzle system, and more specifically, to an aircraft engine 
exhaust nozzle system reducing jet noise by acoustic shield¬ 
ing. 

Conventional aircraft typically include propulsion engines, 
which are under the wing or tail surfaces. FIG. 1 illustrates an 
aircraft including a conventional engine exhaust nozzle sys¬ 
tem. As shown in FIG. 1, the aircraft 100 includes a fuselage 
101, wings 102, and a propulsion engine system 103. The 
propulsion engine system 103 is attached underneath the 
wing 102 by a pylon structure 107. Each propulsion engine 
system 103 includes an engine 106 housed in a nacelle 104 
and having an inlet 105 and a nozzle system 150. The nozzle 
system 150 releases a jet exhaust from the engine into the 
atmosphere. Primary component noise sources from the 
engine system 103 include the noise associated with each of 
the fan, compressor, turbine, combustor, and that noise asso¬ 
ciated with the high velocity jet exhaust flow. There are many 
methods for reducing the various noise sources from the 
aircraft 100 including those noise sources from the engine 
system 103. One method that has the potential of significant 
noise reduction includes the use of the aircraft itself as an 
acoustic shield for the noise sources associated with the 
engines 106. This approach requires a new configuration of 
aircraft with the engines installed on the upper surface of the 
wing 102, fuselage 101, or an aircraft that has a hybrid wing 
and fuselage. Of the engine noise sources, the jet exhaust 
noise source is a particular challenge due to the fact that the 
noise sources are in the exhaust flow itself and therefore 
originate throughout the jet exhaust flow as many as ten 
engine diameters downstream of the nozzle system 150 exit 
plane. 

Therefore, it is desirable to have an improved aircraft 
nozzle system that is capable of much more noise reduction 
when installed on the upper surface of the aircraft. 

SUMMARY OF THE INVENTION 

The present invention accomplishes the above stated 
objective by providing an aircraft engine exhaust system, 
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which simultaneously can reduce noise through three 
approaches. The invention can reduce low frequency jet 
noise, a source which is more difficult to shield by the aircraft. 
The invention can redistribute upstream toward the nozzle the 
5 peak noise sources over a broad frequency range so that they 
can be more effectively shielded by the aircraft. Furthermore, 
depending on the embodiment, the invention can redistribute 
jet noise sources in the azimuthal direction so that peak direc¬ 
tion of propagation is away from the region of interest. 

10 According to one embodiment of the present invention, an 
aircraft exhaust engine nozzle system is provided. The air¬ 
craft exhaust engine nozzle system includes a fan nozzle 
configured to receive a fan flow from a fan disposed adjacent 
to an engine disposed above an airframe surface of the air- 
15 craft, a core nozzle disposed within the fan nozzle and con¬ 
figured to receive an engine core flow, and a pylon structure 
connected to the core nozzle and structurally attached with 
the airframe surface to secure the engine to the aircraft. 

According to another embodiment of the present invention, 
20 an aircraft system includes a fuselage, a wing carried by the 
fuselage, an engine formed above the wing; and the above- 
mentioned engine exhaust nozzle system formed around the 
engine. 

Additional features and advantages are realized through 
25 the techniques of the present invention. Other embodiments 
and aspects of the invention are described in detail herein and 
are considered a part of the claimed invention. For a better 
understanding of the invention with the advantages and the 
features, refer to the description and to the drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter, which is regarded as the invention, is 
particularly pointed out and distinctly claimed in the claims at 
35 the conclusion of the specification. The forgoing and other 
features, and advantages of the invention are apparent from 
the following detailed description taken in conjunction with 
the accompanying drawings in which: 

FIG. 1 illustrates an aircraft including a conventional 
40 engine exhaust nozzle system. 

FIG. 2 illustrates an aircraft including an engine exhaust 
nozzle system installed above an aircraft wing that can be 
implemented within embodiments of the present invention. 

FIG. 3 is a partial schematic of an engine exhaust nozzle 
45 system that can be implemented within embodiments of the 
present invention. 

FIG. 4 is partial schematic illustrating the effect on engine 
exhaust flow of the pylon structure included in the engine 
exhaust nozzle system shown in FIG. 3 that can be imple- 
50 mented within embodiments of the present invention. 

FIG. 5 is a partial schematic of an engine exhaust nozzle 
system having a plurality of pylon structures that can be 
implemented within other embodiments of the present inven¬ 
tion. 

55 FIG. 6 is a partial schematic of the engine exhaust nozzle 
system shown in FIG. 5 including an additional pylon struc¬ 
ture having a perforated surface that can be implemented 
within embodiments of the present invention. 

FIG. 7 is a partial schematic of an engine exhaust nozzle 
60 system having a chevron-formed nozzles that can be imple¬ 
mented within other embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

65 The present invention is an engine exhaust nozzle system 
for an aircraft. Several embodiments of the present invention 
include the nozzle system as being a separate flow, round or 



US 8,876,043 B2 


3 

chevron-formed nozzle system installed above the wing, tail 
surfaces, or fuselage of the aircraft or within a hybrid wing 
body aircraft where the engine is installed above the wing. 
Embodiments of the present invention further include the use 
of pylon technology to increase the effectiveness of acoustic 5 
shielding in the aircraft and modifying the orientation of the 
nozzle system and the pylon technology to even further 
increase the effectiveness of acoustic shielding. 

FIG. 2 illustrates an aircraft including an engine exhaust 
nozzle system installed above an aircraft wing that can be to 
implemented within embodiments of the present invention. 

As shown in FIG. 2, a hybrid wing-body aircraft 200 is 
provided. The aircraft 200 includes a hybrid wing-body 201 
and a plurality of engines 202. Each engine 202 is housed in 
a nacelle 204 and includes an inlet 205 and a nozzle system 15 
250. The present invention is not limited to a particular num¬ 
ber of engines 202 and may vary accordingly. In addition, the 
nozzle system 250 may be formed in any manner necessary to 
implement the purpose set forth herein. Additional details 
regarding the nozzle system 250 will now be discussed below 20 
with reference to FIGS. 3 through 6. 

FIG. 3 is a partial schematic of an engine exhaust nozzle 
system that can be implemented within embodiments of the 
present invention. As shown in FIG. 3, the nozzle system 250 
includes a fan nozzle 251, which directs fan flow away from 25 
an upstream engine along a predetermined path. The nozzle 
system 250 further includes a core nozzle 252 that directs core 
flow away from the engine 202 (as depicted in FIG. 2). The 
nozzle system 250 further includes a plug 255 at a center of 
the core nozzle 252. According to an embodiment of the 30 
present invention, the nozzle system 250 further includes a 
pylon structure 260 formed at an upper surface (i.e., a crown 
portion) of the fan nozzle 251 opposite an airframe surface 
(e.g., the wing body portion 201). The pylon structure 260 
further controls and direct exhaust airflow in an upstream 35 
direction away from the nozzle system 250 as discussed 
below with reference to FIG. 4. 

FIG. 4 is partial schematic illustrating the effect on engine 
exhaust flow of the pylon structure included in the engine 
exhaust nozzle system shown in FIG. 3 that can be imple- 40 
mented within embodiments of the present invention. As 
indicated by the arrows A and B shown in FIG. 4, the fan flow 
(as indicated by Arrow A) and the core flow (as indicated by 
Arrow B) travel in an downstream direction away from the 
nozzle system 250. The aerodynamic shape of the pylon 45 
structure 260 alters what would otherwise be an axisymmet- 
ric and concentric jet exhaust flow. Because of the curvature 
of the pylon shelf (as shown in FIG. 3) combined with the 
wake of the pylon structure 260, the flow of core nozzle 252 
has a tendency to move off of the centerline of the nozzle 50 
system 250 and into the wake of the pylon structure 260. The 
effect of this subtle relative movement between the flows of 
the fan nozzle 251 and the core nozzle 252 can be to redis¬ 
tribute jet noise sources in the azimuthal direction and, to 
some extent in the axial direction as well. Embodiments of the 55 
present invention further include a plurality of pylon struc¬ 
tures to increase the effectiveness of acoustic shielding of the 
aircraft 200. Additional details will now be discussed with 
reference to FIGS. 5 and 6. 

FIG. 5 is a partial schematic of an engine exhaust nozzle 60 
system having a plurality of pylon structures that can be 
implemented within other embodiments of the present inven¬ 
tion. As shown in FIG. 5, the nozzle system includes a plu¬ 
rality of pylon structures 260a and 2606. The first pylon 
structure 260a is connected to the core nozzle 252, and struc- 65 
turally attached with the airframe surface 201, at a keel posi¬ 
tion, to secure the engine 202 to the aircraft 200. The first 
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pylon structure 260a aerodynamically closes out before an 
exit plane of the fan nozzle 251, ideally, but could also be 
closed out before the exit of the core nozzle 252. A second 
pylon structure 2606 is formed at an upper surface (i.e., a 
crown position) of the fan nozzle 251 opposite the first pylon 
structure 260a formed at the airframe surface 201 (e.g., in a 
keel position). The second pylon structure 2606 extends 
downstream longer than the core nozzle exit and similar to the 
pylon 260 of FIG. 3. According to an embodiment of the 
present invention, the first pylon structure 260a and the sec¬ 
ond pylon structure 2606 are formed at approximately 180 
degrees apart however the present invention is not limited 
hereto and may vary as needed. That is, the first pylon struc¬ 
ture 260a and the second pylon structure 2606 may be ori¬ 
ented at a different angle other than 180 degrees. This orien¬ 
tation is made to take advantage of the strong azimuthal 
directivity created by the second pylon structure 2606 to 
better orient peak noise away from directions of interest 
(people on the ground, for example). According to an embodi¬ 
ment of the present invention, the first pylon structure 260a 
may be fixed since it structurally attaches the engine 202 to 
the airframe surface and the second pylon structure 2606 may 
be oriented at an orientation other than 180 degrees from the 
first pylon structure 260a. The present invention is not limited 
to any particular type of pylon structure in the keel position 
and may be implemented within any type of pylon structure. 
A pylon structure in the keel position according to another 
embodiment of the present invention will now be discussed 
below with reference to FIG. 6. 

FIG. 6 is a partial schematic of the engine exhaust nozzle 
system shown in FIG. 5 including a pylon structure having a 
perforated surface that can be implemented within other 
embodiments of the present invention. 

As shown in FIG. 6. the nozzle system 250 further includes 
a pylon structure 360a integrally formed with a lower surface 
of the core nozzle 252. The pylon structure 360a is longer 
than the pylon structure 260a shown in FIG. 5. The pylon 
structure 360a extends downstream of the exits for the fan and 
core nozzles 251 and 252 (as depicted in FIG. 7). A pylon 
structure 3606 is also provided and is the same as pylon 
structure 2606 shown in FIG. 5 thus a description thereof is 
being omitted. According to an embodiment of the present 
invention, the pylon structure 360a may include a perforated 
surface 280 having a plurality of apertures 282 formed to flow 
air, for example, therethrough (as indicated by arrows C) as 
described in the copending commonly assigned application 
entitled “Active Pylon Noise Control System” having Ser. No. 
13/214.481 filed on Aug. 20, 2011 and incorporated by ref¬ 
erence herein in its entirety. 

The present invention is not limited to the fan nozzle 251 
and the core nozzle 252 being formed in a round design. 
These nozzles 251 and 252 may be formed with an exit 
perimeter thereof having projections formed thereon. Addi¬ 
tional details regarding this embodiment will be discussed 
below with reference to FIG. 7. 

FIG. 7 is a partial schematic of an engine exhaust nozzle 
system having chevron-formed nozzles that can be imple¬ 
mented within other embodiments of the present invention. 
As shown in FIG. 7, the fan nozzle 251 and/or the core nozzle 
252 may be formed with a plurality of projections 251a and 
252a formed at an exit perimeter thereof and extending in an 
aft direction. The projections 251a and 252a are spaced apart 
from each other by a predetermined gap as shown. According 
to one embodiment of the present invention, the plurality of 
projections 251a and 251a may be circumferentially formed, 
uniform in size, along the exit perimeter of the fan nozzle 251 
and/or the core nozzle 252. The uniform, in size, projections 
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may be either uniform or varying, circumferentially, in 
immersion into the flow. According to yet another embodi¬ 
ment of the present invention, the plurality of projections 
251a and 252a may be azimuthally varied in size as shown in 
FIG. 7. 5 

According to yet another embodiment of the present inven¬ 
tion, as further shown in FIG. 7, a number of the projections 
251a and 252a on a side of the fan nozzle 251 and the core 
nozzle 252, adjacent to the pylon structure 360a are greater in 
size than a remainder of the plurality of the projections 251a 10 
and 252 a. 

Embodiments of the present invention provide an aircraft 
engine exhaust nozzle system capable of redistributing 
engine noise sources upstream where they can be shielded by j - 
a surface of the aircraft. Therefore, the present invention 
provides the advantage of further reducing noise associated 
with the engine exhaust by increasing the effectiveness of 
acoustic shielding by the aircraft. Embodiments of the present 
invention, further implement an aircraft pylon technology 2 o 
and a method for varying of an orientation of the nozzles of 
the aircraft nozzle system, and the pylon structures in a crown 
position and a keel position relative to the airframe surface of 
the aircraft, to further increase shielding effectiveness. 

The present invention is not limited to being used in an 25 
aircraft. It may be applied to other industries, for example, a 
high pressure exhaust duct from a factory, machinery, or other 
applications to thereby reduce associated noise. 

The terminology used herein is for the purpose of describ¬ 
ing particular embodiments only and is not intended to be 30 
limiting of the invention. As used herein, the singular forms 
“a,” “an,” and “the” are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com¬ 
prising,” when used in this specification, specify the presence 35 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
of one ore more other features, integers, steps, operations, 
element components, and/or groups thereof. 

The corresponding structures, materials, acts, and equiva- 40 
lents of all means or step plus function elements in the claims 
below are intended to include any structure, material, or act 
for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 45 
illustration and description, but is not intended to be exhaus¬ 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiments were chosen and 50 
described in order to best explain the principles of the inven¬ 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. It is therefore to be understood 55 
that, within the scope of the appended claims, the invention 
may be practiced other than as specifically described. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 60 

1. An engine exhaust nozzle system for an aircraft com¬ 
prising: 

a fan nozzle configured to receive a fan flow from a fan 
disposed adjacent to an engine disposed above an air¬ 
frame surface of the aircraft; 65 

a core nozzle disposed within the fan nozzle and configured 
to receive an engine core flow; 
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a first pylon structure connected to the core nozzle and 
structurally attached with the airframe surface to secure 
the engine to the aircraft; and 

a second pylon structure formed at an upper surface of the 
fan nozzle opposite the first pylon structure formed at the 
airframe surface, wherein the second pylon structure 
extends downstream of exits for the fan nozzle and the 
core nozzle. 

2. The engine exhaust nozzle system of claim 1, wherein at 
least one of the fan nozzle and the core nozzle further com¬ 
prises a plurality of projections formed at an exit perimeter 
thereof and extending in an aft direction, the projections 
being spaced apart from each other by a predetermined gap. 

3. The engine exhaust nozzle system of claim 2, wherein 
the plurality of projections are circumferentially formed. 

4. The engine exhaust nozzle system of claim 2, wherein 
the plurality of projections are azimuthally varying projec¬ 
tions. 

5. The engine exhaust nozzle system of claim 4, wherein a 
number of the projections on a side of the at least one of the 
fan nozzle and the core nozzle, adjacent to the first pylon 
structure are greater in size than a remainder of the plurality of 
the projections of the at least one of the fannozzle and the core 
nozzle. 

6. The engine exhaust nozzle system of claim 1, wherein 
the first pylon structure and the second pylon structure are 
formed at approximately 180 degrees apart. 

7. The engine exhaust nozzle system of claim 1, wherein 
the airframe surface comprises at least one of a wing, a tail, a 
fuselage and a hybrid body-wing configuration of the aircraft. 

8. The engine exhaust nozzle system of claim 1, wherein 
the first pylon structure is integrally formed with a lower 
surface of the core nozzle and extends downstream of exits for 
the fan nozzle and the core nozzle. 

9. The engine exhaust nozzle system of claim 8, wherein 
the first pylon structure comprises a perforated surface 
including a plurality of apertures formed to flow air there¬ 
through. 

10. The engine exhaust nozzle system of claim 1, wherein 
the first pylon structure is integrally formed with a lower 
surface of the core nozzle and closes out before the exit of the 
core nozzle. 

11. An aircraft system comprising: 

a fuselage; 

a wing carried by the fuselage; 

an engine formed above the wing; and 

an engine exhaust nozzle system formed around the 
engine, and comprising: 

a fan nozzle configured to receive a fan flow from a fan 
disposed adjacent to an engine disposed above an 
airframe surface of the aircraft; 
a core nozzle disposed within the fan nozzle and config¬ 
ured to receive an engine core flow; 
a first pylon structure connected to the core nozzle and 
structurally attached with the airframe surface to 
secure the engine to the aircraft; and 
a second pylon structure formed at an upper surface of 
the fan nozzle opposite the first pylon structure 
formed at the airframe surface, wherein the second 
pylon structure extends downstream of exits for the 
fan nozzle and the core nozzle. 

12. The aircraft system of claim 11, wherein at least one of 
the fan nozzle and the core nozzle further comprises a plural¬ 
ity of projections formed at an exit perimeter thereof and 
extending in an aft direction, the projections being spaced 
apart from each other by a predetermined gap. 
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13. The aircraft system of claim 12, wherein a number of 
the projections on a side of the at least one of the fan nozzle 
and the core nozzle, adjacent to the first pylon structure are 
greater in size than a remainder of the plurality of the projec¬ 
tions of the at least one of the fan nozzle and the core nozzle. 5 

14. The aircraft system of claim 11, wherein the plurality of 
projections are circumferentially formed. 

15. The aircraft system of claim 11, wherein the plurality of 
projections are azimuthally varied in size. 

16. The aircraft system of claim 11, wherein the airframe to 
surface comprises at least one of a wing, a tail, and a fuselage 
of the aircraft. 

17. The aircraft system of claim 11, wherein the first pylon 

structure and the second pylon structure are formed at 
approximately 180 degrees apart. 15 

18. The aircraft system of claim 11, wherein the first pylon 
structure is integrally formed with a lower surface of the core 
nozzle and extends downstream of exits of the fan nozzle and 
the core nozzle. 

19. The aircraft system of claim 18, wherein the first pylon 20 
structure comprises a perforated surface including a plurality 

of apertures formed to flow air therethrough. 

20. The aircraft system of claim 11, wherein the first pylon 
structure is integrally fonned with a lower surface of the core 
nozzle and closes out before the exit of the core nozzle. 25 



